Objective: to adapt the Hospital Survey on Patient Safety Culture (HSOPSC) to the Brazilian context and validate a computer program that facilitates the collection and analysis of data in hospitals with different types of management. Methods: methodological study developed in six hospitals in Natal-RN, Brazil; a software which allows data collection via e-mail, cloud storage and automatic data report was developed; validity was verified through confirmatory factor analysis and reliability, through consistency analysis with Cronbach's alpha. Results: 863 professionals participated in the study; the adapted version presented total Cronbach's alpha of 0.92 and median of 0.69 in the 12 dimensions (90% confidence interval: 0.53;0.87); the model was fitted and showed good indexes in the confirmatory factor analysis. Conclusion: the results confirmed the validity and reliability of the instrument with adequate psychometric properties for the assessment of patient's safety culture in Brazilian hospitals.
Introduction
The occurrence of adverse events in health services has caused avoidable damages to patients and there is an urgent need for preventing it in Brazil and worldwide. 1, 2 The awareness towards this issue transformed the patient safety into a priority of health care quality and an important component of systems' management and health services. 3 The safety culture in an organization may be defined as the product of individuals and group values, attitudes, perceptions, competences and behavior patterns that determine compromise, style, proficiency, health in an organization and safety management. 4 Organization with a positive safety culture are characterized by communications based on mutual trust, common perceptions towards the importance of safety and conviction in the efficacy of preventable measures. 5 The consensus over the importance of the safety culture is also present in guidelines of health organizations, such as the National Quality Forum (NQF), from the United States of America; this institution is responsible for preparing a document advising about the establishment and maintenance of a patient safety culture based on four recommendations: (i) development of leadership structures and systems for safety; (ii) measurement, feedback and intervention on safety culture; (iii) teamwork training and skill building; and (iv) systematic implementation of risk management. 6 In the context of Brazilian health care policies, we can highlight the National Patient Safety Program, which aims to promote and support the implementation of actions related to the patient safety. 7 The current sanitary regulation supports these actions through the mandatory preparation of the Patient Safety Plans and implementation of Centers for Patients Safety in health facilities. 8 To promote the patient safety culture, the diagnosis and planning of interventions to minimize or reduce the fragilities detected are essential. It is important to highlight that the safety culture must be periodically assessed, as a monitoring activity for the improvements achieved. 6 Among the instruments used to assess the safety culture, the Hospital Survey on Patient Safety Culture (HSOPSC) is, probably, one of the most used worldwide. The HSOPSC had its psychometric properties assessed in a big sample of North-American hospitals; 9 this tool is internationally recognized and was translated into several languages. 10, 11 HSOPSC was translated into Portuguese and validated. 12, 14 However, the final version presented low Cronbach's alpha in some dimensions, probably due to translation flaws. 15 The objective of this study was to adapt the Hospital Survey on Patient Safety Culture (HSOPSC) to the Brazilian context and validate a computer program that facilitates the collection and analysis of data in hospitals with different types of management.
Methods
This is a methodological study that aims to make a cross-cultural adequacy and validation of an electronic tool to assess the patient safety culture: the HSOPSC.
The original tool was translated into Portuguese and, then, passed through a cross-cultural adequacy to the context of Brazilian hospitals. After that, a computer program was developed, in which the electronic survey was provided, to make the data collection easier and to allow automatic analysis of results and reports. Finally, an assessment of the psychometric properties of this instrument was conducted in six hospitals under different types of management.
The assessment tool HSOPSC, object of this research, is self-administered and covers 12 dimensions of the patient safety culture, two of them related to results on patient safety: (i) frequency of events reported and (ii) overall perceptions of patient safety; and ten about safety culture: (i) supervisor/manager expectations and actions promoting patient safety, (ii) organizational learning/ continuous improvement, (iii) team work within units, (iv)communication openness, (v) feedback and communication about error, (vi) nonpunitive response to errors, (vii) staffing, (viii) management support for patient safety, (ix) teamwork across units and (x) Handoffs and transitions. Besides these 12 dimensions, the tool covers two more items: (i) number of events reported and (ii) patient safety grade.
The original survey was developed and validated by the Agency for Health Care Research and Quality
The awareness towards this issue transformed the patient safety into a priority of health care quality and an important component of systems' management and health services.
(AHRQ) 9 , located in the United States, where this survey is widely used, as well as in other countries which made their own validation and adaptation. [10] [11] [12] [13] [14] [15] This survey allows blank answers, in case they do not apply to that professional or unit.
The HSOPSC was translated into Portuguese by a native English speaker translator, from a translation company. Then, a panel composed of five Brazilian specialists performed the back translation: four health professionals -from pharmacy, medicine and physiotherapy areas -and one specialist from quality management in health services, all of them with experience in patient safety. Afterwards, both translations were compared.
A universalist approach was adopted for the cross-cultural adaptation, which highlights that every measurement instrument, when out of its original context, must consider the fact that the concepts can be different between countries. 16 Initially, the technical group assessed concepts and items, for which each member of the group gave a score from 1 to 5 (1 = totally disagree; 5 = totally agree), for each item of the survey and also for the survey as a whole. In this stage, the criterion adopted was the conceptual coherence of the instrument and the items with what was intended to be measured (content validity): safety culture and culture dimensions, according to the original survey. The criterion for items approval was the presentation of a median equal to 4 or 5 in the scores of the technical group. After this stage, a semantic review was conducted, by comparing the Portuguese translation draft of HSOPSC with other reference translations (Spanish, 17 European Portuguese 18 and initial stage of the Brazilian Portuguese 12, 13 ), enabling the adaptation of the assessed version to the local language and terminology.
The computer program was developed using open access technology, with the following programming language: Java, PostgreSQL and Linux, and Play! Framework, a fast tool in the development of Internet applications. The fast development methodology chosen was XP (Extreme Programming), whose objective is to optimize the project development and ensure the client satisfaction. This methodology allows small and medium teams of software creators to develop objective and practical projects, from a focal point. Thus, the HSOPSC was adapted for online and offline collection and analysis, based on the proposals of data analysis of AHRQ, available at: www.ahrq.gov/professionals/quality-patient-safety/ patientsafetyculture/hospital/index.html The program developed is composed by two main modules, electronic survey and administrative system. The first module aims at data collection and enables the instrument to be sent to the e-mail of a previously registered participant, together with a presentation letter of the research and a model of the Free Informed Term of Consent to be signed. In this electronic survey, there is an extra tab with 10 indicator-questions related to good practices on patient safety, recommended by the NQF 2010. 6 The second module aims to evaluate the management of hospitals and professionals that are taking part in the research, tabulate the data and conduct descriptive analyses of the respondents' characteristics.
Each form is recognized by a unique identifier, automatically and randomly generated by the system, known as access token. This technique enables the confidentiality over the identification of the professional respondent, not hampering the aggregate analysis for the hospital. During the survey filling, the system saves the inserted information, every minute, to ensure the storage of data in case of accidental system closure, blackout or problems on the device used (computer, tablet or smartphone).
After filling and submitting the first survey, the administrative system allows the researchers to view the statistical analysis of the answers in an informative panel with the percentage of answers, average time for filling, frequency of participants per profession, sex, and hospital service, among other professional characteristics. Tables and charts of indicators are built for the Percentage of Positive, Neutral and Negative Answers, in relation to the individual items, the dimensions of safety culture and the general survey. All the results are automatically generated, in real-time, for each hospital and for the total of hospitals assessed.
The computer program enables data to be exported to other softwares, to achieve a more detailed analysis, such as Excel, Statistical Package for the Social Sciences (SPSS) and Google Drive. The file with exported data is created in CSV (Comma Separated Values), a format adopted worldwide to export and integrate data between systems.
The assessment tool developed does not require Internet connection to answer the survey and saves answers in the device used. It needs connection only to send the answers to the administrative system, making the data collection in places with no Internet access easier. This research was developed in six hospitals that present different types of management: three federal public hospitals, two state public hospitals and one private hospital in Rio Grande do Norte State. Among the three federal public hospitals that participated, two are maternity wards and one is a general hospital. Only the maternity wards have emergency rooms (ER) and five hospitals have intensive care units (ICU) -except one of the maternity wards. Of the state hospitals, one is a reference center for infectious diseases and another one for trauma and emergency care, both with ER and ICU. The private facility is a general hospital with ER and ICU and is level 1, according to the National Commission on Accreditation.
The professionals that took part in the survey had high school or higher education degree, worked with health assistance, or hospital management, and had permanent or temporary working contracts. To ensure more reliable information from the hospitals and reduce the probability of including professionals with little knowledge on patient safety, all the substitute professionals were excluded from the study. Convenience sampling was chosen.
The sample size should be large enough to perform factor analysis. For this study there were approximately 20 cases for each item of the survey (42 items x 20 = 840 cases), which is recommended for the adequate statistical confirmatory factor analysis: approximately 140 cases for each one of the six hospitals. 18 Initially, the data collection was conducted via e-mail. The human resources sectors from each hospital provided a list with the electronic addresses of the professionals of health assistance and management, who were active and had available e-mails. In each hospital, posters and memos were distributed into their units, aiming a wide dissemination of the research and gathering a high number of answers, in order to avoid selection bias related to lack of responses. Professionals who did not answer within 7, 10 and 15 days also received automatic reminders in their e-mails.
To increase the number of participants, we also collected data in person, using electronic devices (tablets and smartphones with operational system Android 4.0 or higher) with the self-administered survey available for the professionals. This stage extended the collection to professionals who did not use e-mails or did not answer the survey via e-mail.
Data were collected from January to March 2015, after a pilot-study with 215 participants.
The answers followed Likert scale from 1 to 5, covering the following options: strongly disagree; disagree; neither; agree; strongly agree; or never; rarely; sometimes; most of the time; and always. The scale was recoded and the percentage of specific positive answers -in the dimension or the item -was the main analysis indicator. The database analyses were automatically generated, by the specific software for databases analyses. In the case of reverse questions -formulated with negative clauses -, the answers for Likert scale from 1 to 5 were inverted.
The reliability of the tool was analyzed in an internal consistency study, through the calculation of Cronbach's alpha. This indicator measured the level that the translated items are related within each dimension of the safety culture and in the whole survey. That is, the higher the covariates and correlations are, the higher will be the consistency of measure in the same dimension or the concepts. Regarding the reliability of dimensions and of the full survey, Cronbach's alpha higher than 0.6 is considered as acceptable reliability, higher than 0.7, good reliability, and higher than 0.9, excellent. 19, 20 The verification of concept validity and the analysis of the multidimensional model were conducted through confirmatory factor analysis. We used the model for structure equations to investigate the adjustment of the data observed to the dimension proposed by the HSOPSC.
The statistical package MPlus v.7 (Muthen & Muhthen) was used, with robust estimation method with weighted least squares adjusted for the average and variance (WLSMV). The analysis, thus, was based on the polychoric matrix used for ordinal data. The assessment measures of the fit used to verify the adequacy of the model to the data were (i) chi-square ratio/degree of freedom, (ii) root mean square error of approximation (RMSEA), (iii) comparative fit index (CFI) and (iv) Tucker-Lewis index (TLI). We considered good fit when the chi-square ratio/degree of freedom was <3. 21 For the RMSEA, in an ideal situation, the lower value of the 90% confidence interval (90%CI) includes or is close to zero, or is not worse than 0.05; and the higher value is lower than 0.08. In general, values lower than 0.08 are considered good, and values under 0.05, ideal. For CFI and TLI indexes, big adjustments are those over 0.90 and close to 0.95. 21 
Results
A total of 863 respondents from the six hospitals participated, most of them were females: 77.2%. The majority of respondents worked on health assistance, and 84.7% of the participants had direct contact with patients. Among the participants, most were nursing professionals, especially nurse technicians (44.6%), and nurses (16.2%). These numbers reflect the higher proportions of those professionals in Brazilian hospitals. A small amount of the staff had been working for less than a year (5.7%). As two of the hospitals were maternity wards and the private hospital also has maternal-infant care, the most prevalent area/unit of work was obstetrics: 12.7% (Table 1) .
The reliability of the tool, confirmed by Cronbach's alpha, was excellent, except for dimensions 'Nonpunitive response to errors' and 'Staffing'. The internal consistency in three dimensions -'Overall perceptions of patient safety', 'Management support for patient safety' and 'Staffing' -increased with the exclusion or change of one of the questions, but the first two already presented good reliability. For example, this latter dimension, 'Staffing', after the exclusion of the item 'We use more temporary/ agency staff than is best for patient care.', was the only one that presented good internal consistency ( Table 2) .
The assessment measures of adjustments used to verify the adequacy to the model of data showed that the instrument is valid and adequate to the 12 dimensions, as proposed by the original HSOPSC, with chi-square ratio The standard model shows that almost all the indicators -except the questions 'We use more temporary/agency staff than is best for patient care' and 'Staff worry that mistakes they make are kept in their personnel file' -presented factorial load over 0.40, showing weak indicators for their respective factors.
However, as there are statistically significant factorial loads (p<0.05), they could be kept as indicators in the confirmatory factor analysis ( Table 3 ). The tool also presented better psychometric properties than the first Brazilian version 12, 13 (Table 4) .
Discussion
The translated and validated version of the HSOPSC presented good internal consistency and excellent reliability to measure the safety culture in Brazilian hospitals within different management systems. The electronic application enabled a practical data collection and analysis, and is available for all Brazilian hospitals. We work in "crisis mode" trying to do too much, too quickly. The tool presented better psychometric properties than the first Brazilian version. 12, 13 This may be, in part, due to the improvement opportunities from the initial stage of translation, 14 which aimed to reduce ambiguities and improve terminology, resulting in a more clear text and similar with the original propose. 15 As examples of such improvements, we can cite the expression 'events report', which was replaced by 'events notification', aligned with the jargon of adverse events used in Brazil. 22 The expression 'report' does not imply that the occurrence has been notified in data records, different from what is intended with organizational learning, through the investigation of causes and actions, with the objective of reducing health risk.
The reliability of the tool in general (for all the survey items) was excellent 19,20 -Cronbach's alpha=0.92 -and slightly higher than the one found in other studies; 12, 13, 23 however, it is important to remember that this result is usually high when there is a higher number of items. About the dimensions with lower values on reliability (Cronbach's alpha), 'Nonpunitive response to error', 'Communication openness', and 'Staffing', we should take other factors possibly related into consideration. The first dimension aforementioned -'Nonpunitive response to error' -also presents issues related to low reliability in other studies. 17, 23 Concerning 'Communication openness', the value obtained may be related to the proposed translation or even to the culture variation, capable of interfering on the understanding of the questions; still, it is important to highlight that this dimension may be considered acceptable (approximately 0.60), within the classification parameter. Regarding 'Staffing', its low internal consistency is related to the item 'We use more temporary/agency staff than is best for patient care'; after this latter was excluded, the dimension internal consistency reached an acceptable level, because in the analyzed hospital contexts, there were no temporary/agency workers that would fit into the inclusion criteria for the research.
Validation of a tool for Patient Safety Culture

Regarding the dimension 'Nonpunitive response to error', there are some important aspects to consider. This dimension was also little consistent (Cronbach's alpha <0.60) in the other Brazilian adaptation, 12 which may show little applicability of the items for the Brazilian context. A reason for this finding may be found in the Brazilian punitive culture, which induces respondents to omit non-consistent answers in all three items of this dimension.
The concept analysis and per items, the semantic analysis by the specialists group, the translations proofreading 12, 15, 17 and the factor analysis conducted confirmed the multidimensional structure of the survey, leading to the consensus that if it was adapted to the national context, there would be impairments in the comparison with other studies. Other assessments conducted 24, 25 showed that the design composed by 12 dimensions of the original instrument were not applicable to other countries' realities. In the validation of this instrument in Holland, 25 for example, the best adjusted model presented 11 dimensions. Another validation, conducted in Germany, 24 also obtained a dimension structure smaller than the original: the German tool presented eight dimensions after adjustment. Therefore, when compared to other studies, 24 ,25 the validation proposed in this research is closer to the original, conducted by AHRQ. 9 The computer program developed for this study may help the collection and data analysis, reduce the application costs and enable the monitoring of patient safety culture in Brazilian hospitals. Notwithstanding, this study presented some limitations. One of them is a time limitation, given the dynamic characteristic of safety culture: it is possible that the items and questions considered valid now, may become obsolete with the development of safety culture in Brazilian hospitals. Another limitation is operational: some professionals who are not used to accessing their e-mails may not have answered the survey sent to them. The disadvantage of a low response rate of electronic surveys, compared to paper-based surveys, may be solved with data collection in person. 26 This type of collection, by mobile electronic devices, increases the response rate and does not hamper the efficacy of electronic collection and analysis.
We recommend health managers interested in using this assessment tool to, initially, confirm with their staff their electronic addresses. They should also provide electronic devices (computers, tablets, or smartphones) so the staff can fill in the survey in their workplace, to stimulate responses and to obtain information on the patient safety culture in the assessed hospital. The access to these data and the full diagnose about the safety culture of the assessed institution provide subsidies to intervention plans in the dimensions diagnosed with culture problems, improving the patient safety and the quality of the health care provided. This study presents the Hospital Survey on Patient Safety Culture -HSOPSC -as a valid and reliable tool, with suitable psychometric properties for the assessment of patient safety culture in Brazilian hospitals. Regarding the feasibility of the survey, we recommend the data collection to be done by e-mail and, if necessary, in person too, to achieve a higher number of responses. It is important to highlight that the computer program developed by the proposed tool counts with an automatic analysis tool, which makes the data collection easier and helps hospital managers build reports, improving feedback to the staff and directors about their actions related to hospital patient safety culture.
Authors' contributions
Andrade LEL, Melo LOM, Silva IG, Souza RM, Freitas MR, Batista AM contributed to conception and design of the study and critical review of the manuscript's intellectual content. Lima ALB contributed to the critical review if the intellectual content, analysis and interpretation of the results. Gama ZAS contributed to the conception and design of the study, critical review if the intellectual content, analysis and interpretation of the results. All the authors participated in the manuscript's writing, approved its final version and declared to be responsible for all aspects of the study, ensuring its accuracy and integrity.
